Introduction
The synoptic-scale patterns of moisture advection into the polar regions are generally well- ). The outcome of such discrepancies is poorly modeled atmospheric profiles of water-phase 17 partitioning that, together with an inaccurate prediction of hydrometeor properties, can generate biases 18 in the model estimations of the surface energy budget. These surface radiation biases are largely 19 dominated in the polar regions by the surface downwelling longwave (LW↓) component, which is 20 highly sensitive to the water distribution in the atmosphere and its properties (e.g., phase, temperature; Large-scale model intercomparisons of the LW↓ in Antarctica, performed at various temporal 23 resolutions, from 3 h to full seasons, were reported by several studies. These intercomparisons were 24 4 made with climate models (e.g., Lenaerts et al., 2017) , regional climate and forecast models (e.g., (2017) supported their conclusion by pointing to the reduction in the model bias and SD when more 13 advanced cloud microphysical schemes were implemented in a regional forecast model. 14 In this study, we examine the LW↓ bias of the Antarctic Mesoscale Prediction System (AMPS) 15 regional forecast model (Powers et al., 2012 ) and the latest, fifth version of the European Centre for 16 Medium-Range Weather Forecasts (ECMWF) reanalysis model, ERA5 (Hersbach & Dee, 2016 Figure 17 ; Silber et al., 2019). Therefore, the magnitude of the total-mean 22 biases for the AWARE-deployment periods may vary from the values reported in Table 1 . magnitudes (see Figure 1d2 and the matching percentiles in Table 1 ). Table 1 , except for the ice-cloud and tenuous-LBCL 18 percentiles and mean biases (see Table S1 in the Supporting Material). These ice-cloud and tenuous- 19 LBCL mean biases may increase by up to ~20% and 60%, respectively, when higher hourly thresholds 20 are used, an increase that is attributed to the omission of short-lived, less "healthy", and optically- 21 thinner clouds from the analysis. 22 The notable magnitudes of the LW↓ biases during LBCL occurrences (in both models), as well 23 as the scale of the lower percentile errors in ice cloud instances ( percentage at the WAIS may explain the higher r during clear-sky periods (see Table 1 ). The periods 8 when the model generates only ice clouds without being observed account for more than 57% and 87%
9 of the total model-produced "pure" ice cloud cases at McMurdo and the WAIS, respectively ( Table 2, 10 right section).
11
Given AMPS tendency to over-produce clouds, it comes as no surprise that "pure" ice cloud 12 occurrence is well captured by AMPS. The modeled ice clouds are present in more than 84% of the 13 time these clouds are observed and have some IWP correspondence with the observations, especially 14 at higher values ( Figure 2c ). Some tendency for LW↓ underestimation is found when the model predicts 15 IWPs that are too small relative to the observations. Conversely, the LW↓ tends to be overestimated 16 when the model exaggerates the IWP (with values predominantly higher than 10 g/m 2 ; see Figure 2c ). for ~45% and ~12% of the model "pure" ice-clouds periods, respectively. The LW↓ when both the models and the observations describe clear-sky conditions is 12 consistently underestimated (at least up to the 88 th percentile; mean magnitudes > 4.8 W/m 2 and SDs 13 smaller than the mean magnitudes; see Table S2 in the Supporting Material). This conspicuous clear-14 sky bias, the rarely-produced LBCLs (with deficient LWP; see Figure 2a ,b,e,f and Table 2, left   15 section), and the excess generation of ice clouds relative to the observations (Table 2 , right section) 16 suggest that the models inaccurately capture the atmospheric temperature and water vapor profiles. 
10
The q profiles in the model show a negative bias that is most pronounced below 2.5 km ( Figure   11 3a2). This bias is reflected in underestimation of RH by averages of at least 4% (with a maximum 12 negative RMSE of ~22%) up to ~2 km (Figure 3a3 ). The q impact on the RH is moderated above 2 km 13 by the large magnitude of the negative T bias (~0.7-0.9 K on average, up to ~4.5 km). However, RH emphasized from 2 km up to nearly 4 km, with mean values > 0.4 K (Figure 3b1 ). This altitude range 10 (where the T bias peaks) has a large overlap with that of AMPS (Figure 3a1 ). An overlap with AMPS 11 is also observed in the altitude range where the magnitude of the q bias is the highest (Figure 3a2,b2) . 12 The q bias in ERA5 reaches a maximum mean magnitude of ~0.13 g/kg close to the surface, at 0. (magnitudes > 4% below 4 km), and slightly overestimated above that altitude (Figure 3d3 ). 23 Generally speaking, both models show the largest T, q, and RH RMSEs closer to the surface. 
Conclusions

17
In this study, we examined the surface downwelling longwave radiation (LW↓) biases in the  AMPS potentially produces more and/or stronger surface temperature inversions, and both 7 models tend to produce additional and/or more intense surface moisture inversions. The impact of these Antarctic regimes and the sharp contrast in aerosol-particle concentrations relative 
The quantification of the impact of each of these four plausible sources and the mitigation of 18 the LW↓ biases via treatment of these sources remain two major model-specific problems. Because of 19 the interplay between the sources, for example, the vertical resolution impact on the aerosol 20 representation, which controls the cloud microphysical scheme, bulk analysis would likely overlook 21 some of the feedbacks in the representation of clouds in different models. Therefore, we suggest that 22 a case-study approach is more suitable for this type of research, as it allows for independent 23 investigation of the different sources of error, for example, with the use of model sensitivity tests. in early summer in the Antarctic: evaluation and challenges of a regional atmospheric model.
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List of Tables:   1   Table 1: AMPS and ERA5 surface Divide. The percentages in the left section are given relative to the total number of observed cases per atmospheric regime 7 (i.e., the sum of vertical cell triplets equals 100%), whereas in the right section, the percentages are relative to the total 8 number of modeled cases per atmospheric regimes (i.e., the sum of horizontal cell triplets equals 100%). 
